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SYNOPSIS

The thesis entitled “Synthesis and biological evaluation of 1,2,4- benzothiadiazine conjugates and sulfonamides as potential anticancer and antimicrobial agents” has been divided into four chapters. Chapter-I gives the introduction about cancer chemotherapy, benzithiadiazine and DNA-interactive pyrrolo[2,1-c][1,4]benzo-diazepines and sulfonamide as antimicrobials. Chapter-II deals with the design, synthesis and biological evaluation of novel benzothiadiazine, triazolobenzothiadiazine linked pyrrolo[2,1-c][1,4]benzodiazepines as anticancer agents. Chapter-III, Section A comprise of the synthesis, structure analysis and antibacterial activity of novel triazolobenzothiadiazine sulfonamides. Chapter-III, Section B describes synthesis and anticancer activity of triazolobenzothiadizine-benzothiazole conjugates. Chapter-IV, Section A deals with the synthesis of 2-anilonicotinyl aryl sulfonyl hydrazides as potential anticancer and antibacterial agents. Chapter-IV, Section B describes the synthesis of bis(indolyl)methanes and their antibacterial and antifungal activities. 

Chapter-I: General introduction
Cancer is a disease caused by the malfunctioning of normal cells. It is one of the most feared diseases due to a general perception that it is an indiscriminate and incurable affliction that insidiously attacks people of all cultures and ages. Chemotherapy of the use of chemical agents to destroy the cancer cells is a mainstay in the treatment of malignancies. Though, the classical treatment of cancer, typically involves surgical removal of tumours or destruction by localized radiotherapy, chemotherapy is of utmost importance in order to ensure that all the malignant cells, including any meta-stats are destroyed. 
Cancer chemotherapy may also improve both patient survival and well being to variable extent. Thus, there is no doubt an essential role for chemotherapeutic drugs in contemporary clinical oncology. The development of the area of anticancer drug discovery basically reflects an evolution from highly empirical approaches, based on serendipitous findings and testing of randomly selected compounds, to the current, more focused testing of natural products, rationally synthesized agents, and biological products against panels of well-characterized tumour cell lines or molecular targets. The major categories of chemotherapeutic agents are naturally occurring antitumour antibiotics, DNA interactive agents, enzyme inhibitors such as cyclin-dependent kinase, carbonic anhydrase, tubulin polymerisation, topoisomerase I and II etc. which play key role in cell division. 
Sulfonamides have been clinically used for many years and found to posses a large number of biological activities, including antibacterial, anticancer. Benzothiadiazine ring system has been considered as cyclic sulfonamides and these derivatives (Fig. 1) have shown strong activity against several cancer cell line. Furthermore, fused 1,2,4-benzothiadiazine-1,1-dioxides as potential 1-adrenoreceptor antagonists as well as anticancer agents and styryl benzothiadiazine have exhibited antitumour activity by inhibiting tubulin polymerization.


Figure 1. Anticancer tricyclic benzothiadiazine derivatives.

The pyrrolo[2,1-c][1,4]benzodiazepines (PBDs) are well known class  of antitumour antibiotics with sequence selective DNA binding ability that are derived from various Streptomyces species. The first pyrrolo[2,1-c][1,4]benzodiazepine antitumour antibiotic anthramycin has been described by Leimgruber co-workers in 1963, and since then a number of compounds have been developed on PBD ring system leading to DNA binding ligands. Their mode of interaction with DNA has been extensively studied and it is considered unique as they bind within the minor groove of DNA. These compounds exert their biological activity by covalently binding to the C2-amino group of guanine residue in the minor groove of DNA through the imine or imine equivalent functionality at N10-C11 of the PBD moiety.

Antibacterial research over the past 50 years has been focused on meeting medical needs caused by infectious, life-threatening pathogens. In spite of the introduction of a variety of antibacterial agents in multiple unrelated drug classes, resistance continues to emerge. Sulfanilamide, and the other sulfa drugs, are analogs of p-aminobenzoic acid (PABA); they compete with PABA and, block the synthesis of folic acid. The sulfonamides (​http:​/​​/​en.wikipedia.org​/​wiki​/​Sulfonamide" \o "Sulfonamide​) class includes several antibiotics (​http:​/​​/​en.wikipedia.org​/​wiki​/​Antibiotic" \o "Antibiotic​), including sulfamethoxazole (​http:​/​​/​en.wikipedia.org​/​wiki​/​Sulfamethoxazole" \o "Sulfamethoxazole​), sulfasalazine (​http:​/​​/​en.wikipedia.org​/​wiki​/​Sulfasalazine" \o "Sulfasalazine​), and sulfacetamide, among others. Sulfonamides were effective inhibitors of the biosynthesis of folic acid compounds by cell-free extracts of Escherichia coli.

Chapter-II: 
Design, synthesis, DNA binding affinity and cytotoxicity of pyrrolo[2,1-c][1,4] benzodiazepine-[1,2,4]benzothiadiazine conjugates

It has been considerable interest in the past few years to design and synthesize cross-linking agents, particularly based on pyrrolobenzodiazepines (PBDs). Pyrrolo[2,1-c][1,4]benzodiazepines are of current interest due to their ability to recognize and subsequently form covalent bonds to specifica base sequences of double stranded DNA. PBD antitumour antibiotics bind covalently to the N2 of guanine at purine-guanine-purine sites in the minor groove of DNA.
Benzothiadiazines, sulfonylurea and sulfonamide derivatives have attracted intense interest in recent years because of their diverse pharmacological properties including anticancer activity.
The objective of the present work is the synthesis of new benzothiadiazine and triazolobenzothiadiazine linked pyrrolo[2,1-c][1,4]benzodiazepines, and study their DNA binding affinity as well as in vitro anticancer activity.
The preparation of key intermediates 3-hydrazino-4-alkyl/aryl-4H-1,2,4-benzothiadiazine 1,1-dioxide (5a-c) and 3-chloro-4-alkyl/aryl-4H-1,2,4-benzothiadiazine 1,1-dioxide (4a-c) have been carried out by synthetic sequence illustrated in Scheme 1. The treatment of chlorosulfonyl isocyanate (2) with N-alkyl/aryl aniline (1a–c) in nitromethane, followed by cyclization with aluminium chloride, provides 4-alkyl/aryl-2H-1,2,4-benzothiadiazine-3(4H)-one 1,1-dioxide (3a–c). This upon chlorination with PCl5 affords 3-chloro-4-alkyl/aryl-4H-1,2,4-benzothiadiazine 1,1-dioxide (4a–c), which on treatment with hydrazine hydrate in chloroform yields 3-hydrazino-4-alkyl/aryl-4H-1,2,4-benzothiadiazine 1,1-dioxide (5a–c). 

Synthesis of C8-linked benzothiadiazine-PBD hybrids has been carried out by employing the commercially available vanillin. Oxidation of vanillin followed by benzylation and nitration employing the literature methods40 provides the 4-benzyloxy-5-methoxy-2-nitrobenzoic acid (10). L-Proline methyl ester has been coupled to 4-benzyloxy-5-methoxy-2-nitrobenzoic acid to afford compound 7 followed by reduction of the ester group with DIBAL-H produces the corresponding aldehyde (8) and this upon protection with EtSH/TMSCl gives 9. Compound 9 upon debenzylation gives (2S)-N-(4-hydroxy-5-methoxy-2-nitrobenzoyl)pyrrolidine-2-carboxaldehyde diethylthioacetal (10) which upon etherification by dibromoalkanes provide 11a-c. These compounds on further treatment with N-Boc piperazine give the nitrointermediates 12a-c (Scheme 2). Further, deprotection of N-Boc piperazine derivatives (12a-c) followed by coupling with 3-chloro-4-alkyl/aryl-4H-1,2,4-benzothiadiazine 1,1-dioxide (4a-c) affords nitrothioacetal intermediates 13a-d. These intermediates (13a-d) upon reduction with SnCl2.2H2O in methanol give the aminothioacetal precursors 14a-d. These upon deprotection by HgCl2/CaCO3 provide the desired target PBD hybrids 15a-d (Scheme 3).

(Bioorg. & Med. Chem. Lett. 2007, 17, 5345.)

The preparation of intermediates (16a,c) has been accomplished by the reaction of 3-hydrazino-4-methyl/phenyl-4H-1,2,4-benzothiadiazine 1,1-dioxide (5a,c) in ethanolic KOH in the presence of carbon disulfide (CS2) under reflux conditions followed by the acidification with 1M HCl afford the mercapto substituted derivatives (16a,c) (Scheme 4).  


Synthesis of C8-linked triazolo benzothiadiazine-PBD hybrids (18a-f) has been carried out by bromo substituted intermediates (11a-c) with 3-mercapto triazolo benzothiadiazine derivatives (16a,c) using K2CO3 in acetone. These nitrothioacetal intermediates 17a-f upon reduction with SnCl2.2H2O in methanol and deprotection by HgCl2/CaCO3 affords the desired PBD hybrids 18a-f (Scheme 5).
(Communicated to Bioorg. & Med. Chem.)
 
Compounds 15a-d and 18a-f have been evaluated for their in vitro cytotoxicity in selected human cancer cell lines. The compounds 15a-c have exhibited strong effect against Zr-75-1 cell line (IC50 0.12-2.24 μM) in comparison to adriamycin (IC50 2.32 μM). The in vitro cytotoxicity (IC50) for compound 15b is 2. 43 μM in KB cell lines.  Therefore, the in vitro cytotoxicity exhibited by these new PBD-benzothiadiazines conjugates is highly significant. The compounds 18a-f have demonstrated GI50 vlaues in the range of 0.22-30.30 μM in comparison to adriamycin (GI50 0.16-7.25 μM). Compound 18a was found to be the most active from the series, which has shown promising activity against most of the cell lines tested and the activity is in the range of GI50 1.83-2.29 μM. The DNA binding activity for these new PBD conjugates (15a-d and 18a-f) has been examined by thermal denaturation studies using calf thymus (CT) DNA. Among these analogues, 15b highest Tm of 6.1 °C at 0 h and increased up to 6.7 °C after 36 h incubation, whereas the naturally occurring DC-81 exhibits a Tm of 0.7 °C after incubation under similar conditions. 
The restriction endonuclease inhibition studies carried out on these molecules, which also confirms the relative binding affinity of these new benzothiadiazine-PBD hybrids (example 15c).

Chapter-III Section A: 
Synthesis, structure analysis, and antibacterial activity of some novel 10-substituted 2-(4-piperidyl/phenyl)-5,5-dioxo[1,2,4]triazolo[1,5-b][1,2,4]benzothiadia-zine derivatives

The demand for novel chemotherapeutic antibacterial agents remains attractive in the field of medicinal chemistry. In fact, in the past 40 years only two new chemical classes of antibiotics, oxazolidinone (linezolid) and the lipopeptide (daptomycin) have introduced to the market. The sulfonamide group is considered as a pharmacophore which is present in a number of biologically active molecules, particularly in antimicrobial agents. The discovery of sulfonamides as antibacterial agents in the early 1930s was the beginning of one of the most fascinating areas of chemotherapeutic agents and once used successfully in the treatment of a variety of bacterial infections. However, the rapid emergence of sulfonamide resistance organisms and the development of more potent drugs have limited their clinical use. Some organisms are resistant to all approved antibiotics and can only be treated with experimental and potentially toxic drugs.
The objective of the present work is the synthesis, structure analysis and biological evaluation of triazolobenzothiadiazine sulfonamides as antibacterial agents.
The preparation of the starting materials, 3-hydrazino-4-methyl/phenyl-4H-1,2,4-benzothiadiazine 1,1-dioxides (6a,b) was accomplished by the synthetic sequences as previously reported (Scheme 1). The synthesis of triazolo fused benzothiadiazines (6a,b) was carried out by refluxing 3-hydrazino-4-methyl/phenyl-4H-1,2,4-benzothiadiazine 1,1-dioxides (4a,b) and isonipecotic acid (5) in phosphorous oxychloride. The target sulfonamide linked triazolobenzothiadizines 8a-f were obtained by the reacation of 6a,b with substituted arylsulfonyl chlorides (7a-e) in pyridine (Scheme 1).
Similarly, 3-(N’-arylsulfonyl) triazolo benzothiadiazine derivatives (11a-f) were obtained by the reaction of the compounds 4a,b and p-amino benzoic acid (9) by refluxing in phosphorous oxychloride followed by the condensation of 10a,b with arylsulfonyl chlorides (7a-e) in pyridine (Scheme 2).








(Bioorg. & Med. Chem. Lett. 2007, 17, 5400.)



The structures of the compounds 6a,b and the final products 8a-j and 11a-f (Schemes 1 and 2) were confirmed by the elemental analysis, IR, 1H, 13C NMR and mass spectrometry. However, the spectroscopic data did not allow straightforward discrimination between expected benzo[e][1,2,4]triazolo[4,3-b][1,2,4]thiadiazines C structure and the alternative benzo[e][1,2,4]triazolo[1,5-b][1,2,4]thiadiazines 6a,b (Scheme 1). Therefore, X-ray crystallography was undertaken on representative compound 8b to investigate further discrete structural aspects of this compound. The compound 8b was subjected to single-crystal X-ray analysis to prove the alternative benzo[e][1,2,4]triazolo[1,5-b][1,2,4]thiadiazine 8b (Scheme 1). The rearrangement of the ring is explained on the basis of quantum chemical calculations (relative energies and proton affinities).
The antibacterial activity of the synthesized compounds (8a-j and 11a-f) was tested by disc diffusion method against various Gram-positive and Gram-negative bacterial strains of Escherichia coli MTCC 448, Pseudomonas aeruginosa MTCC 424, Klebsiella pneumoniae MTCC 618, Staphylococcus epidermidis MTCC 435, Bacillus subtilis MTCC 441 and Vibrio species. The antibacterial activity was compared with some standard antibacterial agents like sulfanilamide and sulfadiazine. From the results in Table 1, most of the compounds showed broad spectrum of inhibitory activity against bacterial strains. Compounds 8f, 8i and 11e were found to be the most active against E. coli (MIC 8 μg/disc). Similarly, compounds 11a, 11d and 11e were very effective against B. subtilis. Overall, good to improved antibacterial activity was observed for most of the compounds against all the bacterial strains used in the study and their MIC ranged from 16 to 64 μg/disc in comparison to the controls.

Chapter-III Section B: 
Synthesis and biological evaluation of novel [1,2,4]triazolo[1,5-b][1,2,4]benzothia-diazine-benzothiazole conjugates as potential anticancer agents

Benzothiazoles are small synthetic molecules that contain a benzene ring fused to a thiazole ring and known for different biological properties like antimicrobial, anticancer and as amyloidal, antirheumatic, antiglutamate agents. The other class of benzothiazoles which are closely related to 2-(4-aminophenyl)benzothiazoles have also shown good antitumour activity. The replacement of phenyl group with other functional groups like 6-ethoxy-1,3-benzothiazole-2-sulfonamide (ethoxazolamide) has been also found to possess potent antitumour activity by inhibiting carbonic anhydrase.
The present work describes the synthesis of two new series of triazolo fused [1,2,4]benzothiadiazines with further incorporation of 2-mercapto/2-aryl benzothiazoles and their anticancer activity. The structure of the compounds was confirmed by X-ray crystallography.
The synthesis of benzothiazoles was carried out by action of ammonium thiocyanate and bromine on p-substituted anilines (1) to afford 6-substituted 2-aminobenzothiazoles (2) as reported in the literature (Scheme 1). This upon treatment with aqueous potassium hydroxide under reflux conditions gave potassium salt of 2-amino thiophenol (3). This mixture was then diluted with water, filtered and 5N acetic acid was added with vigorous stirring and until it becomes acidic. Yellow crystals of substituted 2-aminothiophenols (4) were filtered off, washed with cold water and dried. These thiophenols (4) were further treated with CS2 and potassium hydroxide in ethanol under reflux condition to provide the potassium salt of 2-mercapto benzothiazoles (5), which upon acidification with 1M HCl affords the 6-substituted 2-mercaptobenzothiazoles (6).



The other precursors, 2-aryl benzothiazoles (9a,b) have been prepared42 by the condensation of commercially available 2-aminothiophenol (7) with 4-hydroxybenzaldehyde or vanillin (8) (Scheme 2).



The preparation of the starting materials, 3-hydrazino-4-methyl/phenyl-4H-1,2,4-benzothiadiazine 1,1-dioxides (10a,b) was accomplished by the synthetic sequences as previously reported. The syntheses of triazolo fused benzothiadiazines (12a-d) was carried out by refluxing 3-hydrazino-4-methyl/phenyl-4H-1,2,4-benzothiadiazine 1,1-dioxides (10a,b) and chloroacetic acid (11a) or bromopropanoic acid (11b) in phosphorous oxychloride. The target benzothiazole linked triazolobenzothiadizines 13a-f were obtained by the condensation of 12a-d with substituted 2-mercaptobenzothiazoles (6a-c) in acetone (Scheme 3). Similarly, the other final products (14a-d) were obtained by the reaction of 9a,b with 2-(4-hydroxy phenyl)benzothiazoles (12a,b) (Scheme 4). The structures of the compounds 12a-d, and final products 13a-f and 14a-d (Schemes 3 and 4) were confirmed by the 1H, 13C NMR, IR, MS and elemental analysis. However, the spectroscopic data did not provide a straightforward discrimination between the expected benzo[e][1,2,4]triazolo[4,3-b][1,2,4]thiadiazines A structure and the  alternative benzo[e][1,2,4]triazolo[1,5-b][1,2,4]thiadiazines 12a-d (Scheme 3). Therefore, X-ray crystallography was undertaken on representative compound 13d to investigate further discrete structural aspects of this compound. The alternative benzo[e][1,2,4]triazolo[1,5-b][1,2,4]thiadiazine (12a-d) structures have been confirmed by single-crystal X-ray analysis of the compound 13d (Scheme 3). 

(Communicated to Chem. Biology & Drug Design)



The cytotoxic and/or growth inhibitory effects of these new compounds 13a-f and 14a-d were tested against the panel of sixty human tumour cell lines derived from nine neoplastic diseases. All the compounds submitted to NCI have been tested initially at a single dose at the 10 concentration in a full panel of human 60 cell lines. Most of the compounds have exhibited growth inhibitory effect selectively against leukemia cell lines. Only compound 14b has exhibited growth inhibition 98.83%. Compound 13b was found to be the most active from this series which has displayed significant inhibition against almost all the 60 cell lines and exhibited good cytotoxic potency against the cell lines of lung, breast, ovarian, renal, CNS cancer and melanoma. 

Chapter-IV Section A: 
Synthesis of a new class of 2-anilino substituted nicotinyl arylsulfonyl hydrazides as potential anticancer and antibacterial agents

Sulfonamides inhibiting the ubiquitous metalloenzyme carbonic anhydrase (CA) to various degrees also inhibit growth of tumour cells in vitro and in vivo. By catalyzing the reversible hydration of carbon dioxide to bicarbonate and a proton at neutral pH, these enzymes play a host of physiological/pathological roles in many processes. The clinically used sulfonamide CA inhibitors such as acetazolamide, methazolamide or ethoxazolamide, inhibited the growth of human lymphoma cells, with GI50 values ranging from 0.5 M for ethoxzolamide to 0.25 M for acetazolamide. Further, sulfonamido-hydrazino derivatives have shown CA inhibitors and Several N-substituted sulfonamides and N’-substituted sulfonylhydrazides have been prepared as sulfur analogues of L-asparagine with the potential of acting as inhibitors of L-asparagine synthetase (ASase).
The present work describes the synthesis and biological evaluation of 2-anilinonicotinyl arylsulfonyl hydrazides as anticancer and antibacterial agents.
Acid catalyzed esterification of 2-chloronicotinic acid (1) in ethanol afforded 2-chloronicotinic ethylester (2). The substituted anilines (3a-e) were refluxed with ethylester (2) in ethylene glycol to give the coupled product of 2-anilinonicotinic esters (4a-e), which on treatment with hydrazine hydrate in ethanol gave 2-anilinonicotinic acid hydrazides (5a-e) in quantitative yields. Substituted arylsulfonyl chlorides (6a-f) were synthesized according to the literature procedure. The synthesis of the final products 7a-i was carried out by the reaction of arylsulfonyl chlorides (6a-f) and hydrazides (5a-e) in pyridine (Scheme 1).

















     (Bioorg. & Med. Chem. 2007, 15, 1004.)

Amongst the substituted 2-anilinonicotinylarylsulfonyl hydrazide derivatives, compounds 7b, 7c, 7d, 7f and 7g have been evaluated for their anticancer activity by National Cancer Institute (NCI) in three cell lines. Compounds 7d, 7f and 7g were further evaluated at 10-fold dilutions of five concentrations ranging from 10-4 to 10-8 M against 60 different human tumour cell lines organized in sub panels representing melanoma, leukemia and cancers of breast, prostate, lung, colon, ovary, CNS and kidney.  All the active compounds in this test showed broad spectrum antitumour activity against the nine tumour sub panels tested, and demonstrated significant activity in the in vitro antitumour screening expressed by MG-MID log10 GI50 value of –4.55, -4.67 and –4.73.
All the synthesized compounds were also evaluated for their efficacy as antibacterial agents. Compound 7c showed significant inhibition against E. coli. This may be due to the presence of fluorine atoms on para positions of 2-anilino ring and arylsulfonyl ring of the nicotinyl hydrazide.  Most of the compounds showed significant in vitro activity against S. epidermidis and B. subtilis. Compound 7b was most active against B. subtilis. 
Chapter-IV Section B: 
An efficient synthesis of bis(indolyl)methanes and  evaluation of their antimicrobial activities

The development of new synthetic methodologies in organic synthesis is an important task, especially when considering the synthesis of either natural products or biologically active molecules of pharmaceutical or agrochemical significance. In many cases, the inspiration for developing the new methodology arises from a consideration of the structural features of such targets. Driven by the demands of industry and environmental considerations, much of this effort is aimed at defining new methods for the highly efficient and catalytic generation of such compounds.
Indole derivatives are found to exhibit a wide spectrum of pharmacological activities such as cytotoxic, antitumour, antiviral, antimicrobial and anti-inflammatory activities. Bis(indolyl)methanes (BIMs), which contain two indole or substituted indole units in a molecule, are found in bioactive metabolites of terrestrial and marine origin. Recently, some bis(indole) alkaloids have been isolated from plants (I and II) and sponges (III and IV) wherein, two indole units are joined through different heterocyclic moieties. Further, such molecules have been also designed and synthesized that exhibit promising antibacterial as well as antifungal activities. In spite of extensive research work that has been carried out in this class of compounds, there is still scope for the development of new molecules based on this type of heterocyclic systems.



It is well known in the literature that the reaction of indole with aromatic or aliphatic aldehydes and ketones produce azafulvenium salts, and this can undergo further addition with the second indole molecule to afford BIM. Several other methods have been reported in the literature for the synthesis of BIMs using protic acid (e.g., HCl) or Lewis acids (e.g., AlCl3, BF3). These reactions have also been investigated using various triflates and chlorides. In recent years aluminium triflouromethanesulfonate has been used for various transformations in organic synthesis. Therefore, based on the versatility and usefulness of this catalyst, herein, we report a new and efficient method for the synthesis of BIMs catalyzed by 0.5 mol% Al(OTf)3. Further, these compounds have been evaluated for their antimicrobial activity against various antibacterial and antifungal strains. Most of these compounds have shown good antibacterial and antifungal activities.
BIMs were obtained by the condensation of indole (1) and various aldehydes (2a-v) in acetonitirle at room temperature in presence of 0.5 mol% Al(OTf)3 in high yields in shorter reaction time. Electron rich aldehydes like anisaldehyde, reacted rapidly using indole within 12 min (compound 3i), whereas, aliphatic aldehydes gave good yields of their corresponding products in 25-40 min (compounds 3t-v).


      J. Enzyme. Inhib. Med. Chem. 2007 (In press)

Figure 5. Al(OTf)3 catalyzed synthesis of bis(indolyl)methanes.
Amongst the synthesized compounds 3a, 3g, 3i, 3p-v were screened for their antibacterial and antifungal activities. Compounds 3q, 3t and 3u showed significant inhibition against all the bacteria tested and were not strain dependentMoreover, these compounds were inactive against K. pneumoniae at all the concentrations used. The incorporation of 5-nitro furfuryl group in bisindolylmethane (3q) has enhanced the activity in all the strains except P. aeroginosa than the corresponding furfuryl derivative (3p) and activity reduced against S. aureus. Similarly, 5-nitrothiophenyl derivative (3s) was found to be more potent than the corresponding thiophenyl derivative (3r). The significant inhibition shown by the compound 3q and 3s might be due to the presence of nitro group on the fifth position of their corresponding hetero aryl rings. Among the heteroaryl methyl(bisindoles) the activity is in the order 3q>3s>3p>3r. The replacement of aryl group with alkyl chain on the 3-methyl of bisindoles (3t-v) has also enhanced the significant inhibitory activity. Compound 3u was found to be the most active from this series against all the bacterial strains tested.
The investigation of antifungal screening data revealed that all the tested compound showed moderate to good fungal inhibition. Compounds 3q, 3s-u were active against all the fungal species. The 5-nitro heteroaryl derivatives (3q and 3s) exhibited better inhibitory activity against all the three fungal strains than the corresponding heteroaryl derivatives, whereas 3p was mild active only against R. oryzae and 3r active only against C. albicans. Compound 3t was found to be the most active against C. albicans and R. oryzae and 3u was the most active against A. niger.
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